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(57) ABSTRACT

Systems and methods are disclosed for connecting an 1ngot to
a wire saw with an ingot holder, a bond beam, and a bar. The
bar has an angled mating surface that engages a recessed
surtace formed 1n a slot of the bond beam. Mechanical fas-
teners are used to connect the tee bar to the ingot holder. The
angle of the mating surface with respect to the recessed sur-
face of the slot prevents deformation of the bond beam and
prevents compromising the integrity of the adhesive bond
between the mngot and the bond beam.
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SYSTEMS AND METHODS FOR
CONNECTING AN INGOT TO A WIRE SAW

FIELD

This disclosure relates generally to wire saws used to slice
ingots mnto walers and, more specifically, to systems used to
connect an 1ngot to the wire saw.

BACKGROUND

Wire saw machines are used, for example, to slice ingots
into waters. These 1ngots are typically made of silicon or
other semiconductor or solar grade material. The 1ngot 1s
connected to structure of the wire saw by a bond beam and an
ingot holder. The ingot 1s bonded with adhesive to the bond
beam, and the bond beam 1s 1n turn bonded with adhesive to
the ingot holder. The ingot holder 1s connected by any suitable
fastening system to the wire saw structure.

In operation, the ingot 1s contacted by a web of moving
wires 1n the wire saw that slice the imngot into a plurality of
walers. The wires mitially contact the ingot on a periphery of
the ingot opposite the bond beam and then slice through the
ingot towards the bond beam to form the waters. The wires
may contact the bond beam after slicing through the ingot.
The waters typically remain attached to the bond beam after
completion of the slicing operation. The ingot holder, bond
beam, and wafers are then removed from the wire saw. The
walers are separated from the bond beam and subjected to
walering processes. The bond beam must then be removed
from the ingot holder betore the holder 1s returned to service.
Because the bond beam and holder are bonded together with
adhesive, separating them 1s often time-consuming and
costly.

Previous attempts to use mechanisms other than adhesive
to connect the bond beam to the ingot holder have not yielded
satisfactory results. Thus, there exists a need for a more elli-
cient and effective system to connect the bond beam to the
ingot holder.

This section 1s intended to introduce the reader to various
aspects of art that may be related to various aspects of the
disclosure, which are described and/or claimed below. This
discussion 1s believed to be helptul in providing the reader
with background information to facilitate a better understand-
ing of the various aspects of the present invention. Accord-
ingly, it should be understood that these statements are to be
read in this light, and not as admaissions of prior art.

SUMMARY

In one aspect, a system for connecting an ingot to a rail of
a wire saw machine 1s disclosed and comprises an 1ngot
holder, a bond beam, and a bar. The ingot holder 1s connected
to the rail of the wire saw machine and to the bond beam. The
bond beam has a first surface and an opposing second surtace.
The first surface 1s connected to the ingot holder and has a slot
formed therein. A pair of protrusions are positioned adjacent
the slot and the slot has an upward-facing recessed surface.
The second surface i1s connected to the ingot. The bar 1s
disposed between the bond beam and the ingot holder. The
bar has a mating surface engaging the recessed surface of the
slot and the mating surface 1s angled between about 5 degrees
and about 10 degrees relative to the recessed surface when the
bar 1s positioned within the slot. The engagement of the
recessed surface by the angled mating surface prevents
deflection of the protrusions and the second surface.
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In another aspect, a bar for use 1n a wire saw configured to
slice an 1ngot 1nto waters 1s disclosed. The wire saw has an
ingot holder configured for connection to the wire saw and a
bond beam having a first surface configured for connection to
the ingot holder and a second surface configured for connec-
tion to the ingot. The bar comprises an upper surface, a lower
surface, and a mating surface for engaging a recessed surface
in a slot formed 1n the first surface of the bond beam. The
mating surface 1s disposed 1n a first plane and the recessed
surface 1s disposed in a second plane. The first plane intersects
the second plane when the bar 1s positioned 1n the slot.

In yet another aspect, a method for connecting an ingot to
a wire saw using an ingot holder, a bond beam, and a bar. The
method comprises bonding an ingot to a second surface of the
bond beam. The bar 1s then positioned within a slot formed 1n
the bond beam. The bar has a mating surface that 1s angled
between about 5 degrees and about 10 degrees relative to a
upward-facing recessed surface in the slot when the bar 1s
positioned within the slot. A pair of protrusions 1s formed in
the bond beam against the slot. A mechanical fastener 1s
inserted through a coextensive opening formed 1n the 1ngot
holder and the bar. The fastener 1s tightened, wherein tight-
cening the fastener results 1n engagement of the angled mating
surface against the recessed surface in the slot and connects
the ingot holder to the bond beam and the ingot. Engagement
of the angled mating surface against the recessed surface
prevents deformation of the protrusions and the second sur-
face of the bond beam. The 1ngot holder 1s then connected to
the wire saw and connection of the ingot holder to the wire
saw results 1n connection of the mngot to the wire saw.

Various refinements exist of the features noted inrelation to
the above-mentioned aspects. Further features may also be
incorporated in the above-mentioned aspects as well. These
refinements and additional features may exist individually or
in any combination. For instance, various features discussed
below 1n relation to any of the 1llustrated embodiments may
be incorporated into any of the above-described aspects,
alone or 1n any combination.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a silicon ingot and a system
for connecting the ingot to a wire saw;

FIG. 2 1s an end view of the ingot and system of FIG. 1
positioned 1n a wire saw;

FIG. 3 1s an enlarged view of the ingot and system of FIG.

2;

FIG. 4 15 an enlarged view of a portion of the silicon 1ngot
and system of FIG. 3;

FIG. 51s a top plan view of a bond beam used 1n the system
of FIG. 1;

FIG. 6 1s an end view of a tee bar used 1n the system of FIG.
1

FIG. 7 1s a top plan view of the tee bar of FIG. 5;

FIG. 8 1s an end view of another embodiment of a bar used
in the system of FIG. 1;

FIG. 9 1s a top plan view of the bar of FIG. 8;

FIG. 10 1s an end view of another embodiment of a tee bar
used 1n the system of FIG. 1; and

FIG. 11 1s a top plan view of the tee bar of FIG. 9.

Corresponding reference characters indicate correspond-
ing parts throughout the several views of the drawings.

DETAILED DESCRIPTION OF THE INVENTION

Referring to the drawings, an exemplary system for con-
necting a silicon ingot 102 to a wire saw 103 1s shown 1n FI1G.
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1 and indicated generally at 100. The wire saw 103 (1.¢., awire
saw machine) 1s shown 1n greater detail 1n F1G. 2 and 1s of the
type used to saw the ingot 102 imto waters with a web of wires
106. The web of wires 106 (one of which 1s shown 1n the end
view ol FIG. 2) travel along a circuitous path around three
rollers 107 when slicing the ingot 102. As shown in FI1G. 2, the
system 100 1s connected to the wire saw 103 by a rail 105,
which 1s 1n turn connected to a structure 104 of the wire saw.
The wire saw 103 may be used to manufacture photovoltaic
devices, among other possible uses.

As shown 1n FIGS. 1 and 3, the system 100 generally
comprises an ingot holder 110 (broadly, a “holder” or a
“clamping rail”), a bond beam 130, and a tee bar 150 (collec-
tively, the “components™ of the system), each of which 1s
discussed below 1n greater detail. The tee bar 150 1s best seen
in FIGS. 4-7 and 1s broadly referred to as a “bar”. The ingot
holder 110 1s affixed to the structure 104 of the wire saw 103
by the rail 105 during use of the saw to slice the ingot 102 1nto
walers. The ingot holder 110 has a length that 1s substantially
equal to the length of the ingot 102, the bond beam 130, and
the tee bar 150. In other embodiments, the length of the ingot
holder 110 may differ from the ingot 102 and the other com-
ponents of the system 100.

The ingot holder 110 has a plurality of openings 112
tformed therein, as shown 1n FIGS. 1 and 3. These openings
112 are sized to receive mechanical fasteners (e.g., bolts,
socket head cap screws, etc.) therein. Two rows of si1x open-
ings 112 are shown 1n FIG. 1, although other embodiments
may use different numbers or configurations of openings. In
the example embodiment, the openings each have a counter-
sunk portion 114 (FIG. 3) sized to recerve a head of the
fastener. The countersunk portion 114 results in the head of
the fastener being flush with and not protruding above an
upper surtace 116 of the ingot holder 110.

In the example embodiment, the ingot holder 110 has a
channel 118 formed 1nto the upper surface 116 therein that 1s
s1zed to recerve the rail 105 of the wire saw 103. The 1ngot
holder 110 1s thus operable to slide into and out of the wire
saw along the rail 105. Accordingly, the other components of
the system 100 connected to the ingot holder 110 are also able
to be slid into and out of the wire saw 103. In other embodi-
ments any suitable fastening system (e.g., mechanical fasten-
ers) can be used to connect the ingot holder 110 to the wire
saw 103.

The bond beam 130, as shown in FIGS. 3-5, has a first
surface 132 positioned adjacent a lower surface 120 of the
ingot holder 110. The bond beam 130 has a second surface
134 opposing the first surface 132 and configured for connec-
tion to the silicon mgot 102. In the example embodiment,
adhesive 1s used to connect the silicon ingot 102 to the second
surface 134. To ensure a proper bond between the second
surface 134 and the ingot 102, the second surface 1s preferably
flat. In some embodiments, the flatness of the second surface
can be up to about 0.15 mm (as measured with a straight edge
and feeler gages).

Two slots 136 are formed 1n the first surface 132 of the bond
beam 130 and each has a lower surface 138 and an upward-
facing recessed surface 140. Reference 1s made herein to one
of the slots 136, although it should be understood that each of
the slots have the same or similar features. Moreover, ditfer-
ent numbers of slots 136 may be used without departing from
the scope of the embodiments.

The bond beam 130 also includes two protrusions 142
positioned vertically above the slot 136 and function to
restrain the tee bar 150 from moving vertically through the
slot. The lower surface 138 and the recessed surface 140 are
spaced apart a distance to permit the tee bar 150 to be posi-
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tioned between the two. The distance 1s large enough to allow
for sufficient clearance between the surfaces 138, 140 and the
tee bar 150 to ease installation of the tee bar. The lower
surface 138 and the recessed surface 140 are parallel in the
example embodiment, although 1n other embodiments they
may lie in intersecting planes that intersect at angle of
between 2 and 20 degrees.

In the example embodiment, the bond beam 130 has a
plurality of cleaning lance opemings 144, although other
embodiments may not use such openings. The lance openings
144 can be used 1n a cleaning operation following slicing of
the ingot 102. During use, the wires 106 of the saw 103 may
contact the bond beam 130 after slicing the ingot 102 into
walers 1n order to ensure that the ingot has been completely
sliced 1into waters. The bond beam 130 1s formed from a
materal that 1s easily sawn by the wire saw 103 during slicing
of the mngot 102 1nto waters without damaging the wires 106
of the saw. Examples of such materials include epoxy, glass,
and other resins.

The tee bar 150, best seen 1n FIGS. 4, 6, and 7, 1s provided
for connecting the bond beam 130 to the ingotholder 110. The
tee bar 150 has a first portion 152 and a second portion 154. A
lower surface 156 of the tee bar 150 1s disposed 1n the first
portion 152 while an upper surface 158 of the tee bar 1s
disposed 1n the second portion 154. The width of the first
portion 152 1s greater than the width of the second portion
154, and hence the tee bar 1s shaped similar to the letter “T™".
Bars having other shapes, as described below, can also be
used.

A paitr of mating surfaces 160 form the uppermost section
of the first portion 152, as shown i FIG. 6. The mating
surfaces 160 are each disposed in a plane that intersects a
plane 1n which the lower surface 156 of the tee bar 150 1s
disposed. These planes intersect at an angle of between about
2 degrees and 20 degrees, or between about 5 degrees and 10
degrees. Moreover, as shown in FIG. 3, the mating surfaces
160 arc also disposed at an angle relative to the recessed
surfaces 140 of the slot 136 when the tee bar 150 1s positioned
within the slot. This angle between the mating surfaces 160
and the recessed surfaces 140 1s between about 2 degrees and
20 degrees, or between about 5 degrees and 10 degrees. The
eifects and benefits of this angling of the mating surfaces 160
with respect to the recessed surfaces 140 are discussed in
greater detail below.

As shown 1n FIG. 7, the tee bar 150 has a plurality of
openings 162 formed therein which are sized to receive
mechanical fasteners. In the example embodiment, the open-
ings 162 are threaded and thus configured to recerve threaded
mechanical fasteners. The openings 162 also penetrate
through both the upper surface 158 and the lower surface 156
of the tee bar 150. In other embodiments, the openings 162
may not penetrate through the lower surface 156 of the tee bar
150 (i.e., the openings are blind holes). The openings 162 are
spaced along the length of the tee bar 150 such that when the
tee bar 1s 1n use the openings 162 are coextensive with the
openings 112 formed 1n the mgot holder 110.

In operation, the ingot 102 may first be adhesively bonded
or otherwise attached to the second surface 134 of the bond
beam 130. In other embodiments, the ingot 102 1s adhesively
bonded or otherwise attached to the second surface 134 of the
bond beam 130 at a later point in time.

The tee bar 150 1s placed within the slot 136 formed 1n the
bond beam 130. Mechanical fasteners are then inserted
through the openings 112 1n the mgot holder 110 and 1nto the
openings 162 in the tee bar 150. The fasteners are then rotated
to tighten the fasteners, which pulls the tee bar 150 upwards
towards the 1ingot holder 110. This upward movement brings
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the mating surfaces 160 of the tee bar 150 into contact and
engagement with the recessed surfaces 140 of the slot 136, as
shown i1n FIG. 3. When 1n this position, the tee bar 150
connects the bond beam 130 to the ingot holder 110, and 1n
turn the ingot 102 to the ingot holder. The mgot holder 110
may then be slid along the rail 105 or otherwise positioned in
the wire saw 103. The wire saw 103 1s then used to slice the
ingot 102 into waters. After completion of the slicing opera-
tion, the mgot holder 110 1s removed from the wire saw 103
and the fasteners are loosened to permit removal of the bond
beam 130 and the waters from the ingot holder. The ingot
holder 110 may then be returned to service. The waters are
then removed from the bond beam 130.

FIGS. 8 and 9 1llustrate another bar 200 that can be used to
connect the bond beam 130 to the ingot holder 110, and 1n turn
the ingot 102 to the ingot holder. The bar 200 differs from the
tee bar 150 1n that it does not have a portion similar to the
second portion 154 of the tee bar. (The bar 200 does not have
a ““1”” shape.) The bar 200 has a pair of angled mating surfaces
202, 204 that form a portion of the uppermost surface of the
bar. The mating surfaces 202, 204 intersect a centrally located
flat surface 206. In other embodiments, the flat surtace 206
may be omitted and 1nstead the mating surfaces 202, 204 may
intersect each other in a central portion of the bar 200.

The mating surfaces 202, 204 may be disposed at the same
or similar angles as those of the mating surfaces 160
described above. Likewise, the mating surfaces 202, 204
serve the same or similar purpose as the mating surfaces 160
as described above. As best seen1n FI1G. 9, the bar 200 also has
a plurality of opemings 208 formed therein that serve the same
or similar function as the openings 162 in the tee bar 150.

FIGS. 10 and 11 1illustrate another tee bar 250 that can be
used to connect the bond beam 130 to the ingot holder 110,
and 1n turn the ingot 102 to the mgot holder. The tee bar 250
differs from the tee bar 150 and bar 200 1n that 1t has a pair of
protrusions 252, 254 extending from respective lateral por-
tions 256, 258 of the tee bar. The protrusions 252, 254 serve
a similar function as the mating surface 160 described above.
That 1s, when the tee bar 250 1s positioned 1n the slot 136 the
protrusions 252, 254 engage the recessed surfaces 140 of the
slot. The tee bar 250 also has a plurality of openings 260
formed therein, as best seen in FIG. 11.

Prior attempts to use tee bars to connect the bond beam to
the 1ngot holder vielded unsatistactory results. The tee bars
used 1n these prior attempts had mating surfaces that were
parallel to the recessed surfaces of the slots. Thus as the
fasteners were tightened, the contact or engagement by the
mating surface against the recessed surface displaced the
protrusions of the bond beam 1n an upward direction, towards
the ingot holder. In other words, the slots were “spread open”™
by the action of the mating surface against the recessed sur-
tace. The upward detlection resulted in the deflection of the
second surface of the bond beam. This detlection 1n the sec-
ond surface resulted in the second surface having an unac-
ceptable flatness which compromised the adhesive bond
between the bond beam and the ingot. Thus prior systems
were unable to use tee bars to connect the bond beam to the
ingot holder and were instead reliant on adhesive bonding to
connect the two together.

Embodiments of the present disclosure solve the problem
presented by the use of prior art tee bars having mating
surtfaces parallel to the recessed surfaces of the slots. In use,
the angled mating surface 160 (or mating surfaces 202, 204)
disclosed herein acts upon the recessed surface 140 of the slot
136 as the fasteners are tightened. The angle of the mating
surface 160 (or mating surfaces 202, 204) with respect to the
recessed surface 140 reduces or eliminates deflection of the
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protrusions 142 and prevents the slots 136 from being spread
open. This reduction or elimination of deflection 1n turn
reduces or eliminates deformation of the second surface 134
of the bond beam 130. Accordingly, the flatness of the second
surtace 134 of the bond beam 130 1s not affected and the
integrity of the adhesive bond between the bond beam and the
ingot 102 1s not compromised.

The protrusions 256, 258 of the tee bar 200 also serve a
similar function as the angled mating surfaces. When 1n use,
the protrusions 256, 238 act upon the recessed surface 140 of
the slot 136 as the fasteners are tightened. The engagement of
the protrusions 256, 258 and recessed surface 140 reduces or
climinates deflection of the protrusions 142 and prevents the
slot 136 from being spread open.

The use of the disclosed tee bars 150, 250 and bar 200
provides a mechanical connection between the imngot holder
110 and the bond beam 130. The bond beam 130 and the 1ngot
holder 110 may thus be quickly and efficiently connected
before commencement of the slicing operation by the wire
saw 103. The two may likewise also be separated at the
conclusion of the slicing operation, as described above. The
ingot holder 110 can thus be readily returned to service, as
time-consuming and costly operations (1.e., such as those
required 1n prior systems to separate adhesively bonded ingot
holders and bond beams) are not required to separate 1t from
the bond beam 130.

While reference 1s made herein to the mating surfaces 160
ol the tee bar 150 (and the mating surfaces 202, 204 of the bar
200) being angled with respect to the recessed surface 140
and the recessed surface being parallel to the second surface
of the bond beam, other configurations are contemplated 1n
different embodiments. For example, in one embodiment the
mating surface 160 of the tee bar 150 (or the mating surfaces

202, 204 of the bar 200) 1s parallel to the lower surface 156 of
the tee bar. The recessed surface 140 of the slot, however, 1s
angled with respect to the second surface 134 of the bond
beam 130 (i.e., the two are not parallel). The magnitude of this
angle may be the same as or similar to the range of angles
disclosed above 1n regards to the angled mating surface 160
(or the mating surtaces 202, 204). In another embodiment, the
mating surface 160 (or the mating surfaces 202, 204) 1s angled
to some extent and the recessed surtace 140 1s also angled to
some extent to achieve the desired etfect of reducing or elimi-
nating detlection of the second surface 134 of the bond beam
130.

When introducing elements of the present disclosure or the
embodlment(s) thereof, the articles “a”, “an”, “the” and
“said” are intended to mean that there are one or more of the
clements. The terms “comprising”, “including” and “having”
are mtended to be inclusive and mean that there may be
additional elements other than the listed elements.

As various changes could be made 1n the above without
departing from the scope of the present disclosure, it 1s
intended that all matter contained in the above description and
shown 1n the accompanying drawings shall be mterpreted as
illustrative and not 1n a limiting sense.

What 1s claimed 1s:

1. A system for connecting an ingot to a rail of a wire saw
machine, the system comprising:

an 1mgot holder connected to the rail of the wire saw
machine and connected to the bond beam:;

a bond beam having a first surface and an opposing second
surface, the first surface connected to the ingot holder
and having a slot formed therein, a pair of protrusions
positioned adjacent the slot, the slot having an upward-
facing recessed surface, the second surface connected to

the ingot; and
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a bar disposed between the bond beam and the ingot holder,
the bar having a mating surface engaging the recessed
surface of the slot, wherein the mating surface 1s angled
between about 5 degrees and about 10 degrees relative to
the recessed surface when the bar 1s positioned within
the slot, wherein the engagement of the recessed surface
by the angled mating surface prevents detlection of the
protrusions and the second surface.

2. The system of claim 1 wherein the bar has a first portion
and a second portion, the first portion having a width greater
than the second portion, wherein the mating surface 1s
included 1n the first portion and the first portion has a lower
surface opposite the mating surface.

3. The system of claim 2 wherein the mating surface and

the lower surface are disposed in intersecting planes.
4. The system of claim 2 wherein the lower surface of the

first portion of the bar 1s parallel to the recessed surface of the
bond beam.
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5. The system of claim 2 further comprising at least one
opening formed 1n the mgot holder and at least one opening

formed 1n the bar.

6. The system of claim 35 wherein the at least one opening
in the bar 1s disposed in both the first portion and the second
portion.

7. The system of claim 5 wherein the at least one opening,
formed 1n the ingot holder 1s coextensive with the at least one
opening formed 1n the bar when the bar 1s 1n use.

8. The system of claim 5 wherein the at least one opening,
in the ingot holder and the at least one opening 1n the bar are
s1zed for recerving a mechanical fastener.

9. The system of claim 1 wherein the bar has a length and
the bond beam has a length, and wherein the length of the bar
1s substantially equal to the length of the bond beam.
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